Abstract. The series of PLA/SiO2 composites, containing 0.5-10 wt% nano-sized SiO2 (R805), were prepared by solution blending. The trade name of R805 is Aerosil R805. It is one of the silica nanoparticles products of Degussa. The resulting composites exhibit the higher glass transition temperature (Tg) than that of pure PLA. The Tg of composite showed a maximum increment of 7.8 C by the addition of 5 wt% R805. The decomposition temperatures (Td) of composites were always higher than that of pure PLA and showed a maximum increment of 11 C by the addition of 10 wt% R805. The water vapor transmission rate (WVTR) of composites are always lower than that of pure PLA and decreases with increasing SiO2 content to 5 wt% and then increases to 10 wt%. The WVTR of composite with 5 wt% SiO2 showed a 60% decrease compared to pure PLA. The Tg, Td, and water vapor barrier property are as a function of the SiO2 content.
Introduction
The properties of the composites are determined by the respective properties of both physically mixed components and thus depend on the content of filler, the shape of fillers, its adhesion to polymer matrix, uniformity of dispersion, etc [1] . The different metal oxide nanoparticles can be employed also, in particular SiO2, TiO2, ZnO and CeO2 [2, 3] . The silica molecules act as reinforcing agents, making the polymer hardener, giving them more mechanical properties, improving their thermal stability as well as resistance to staining, and lowering the water/oxygen permeation [4, 5] . Poly(lactic acid) (PLA) is an aliphatic and thermoplastic polyester and has attracted much attention because of its biodegradability, biocompatibility, compostable characteristics, and nontoxicity to the human body and the environment [6] [7] [8] . The inherent brittleness, low elongation at break and high expense restrict the range of applications. PLA is potentially interesting for engineering applications (electronic and electrical devices, mechanical and automotive parts, etc.), but it is required the tailoring of its properties to reach the end-user demands. For further applications, the PLA properties can be modified by combining this polyester matrix with different dispersed phases: fillers, impact modifiers, flame retardants, plasticizers, other polymers, etc. to improve some specific properties such as rigidity, dimensional stability, heat deflection temperature, processability, etc. [9] [10] .
Experimental

Materials
The PLA powder was a commercial product obtained from Kuang Mong Co., Ltd (Taiwan). The number molecular weight of PLA is 86154 g/mol. The silica (SiO2) nanoparticles used for the composite preparation was supplied by Degussa as indicated in Figure 1 under the trade name Aerosil R805. The average primary particle size of the silicas was 12 nm. The SiO2 nanopowder was dried at 70 C under vacuum for 24 h before mixing. 
Preparation of Composites
PLA was dissolved in THF and stirred for 2 h at room temperature. After complete dissolution, SiO2 was added in various quantities (0.5, 1, 3, 5, 7 and 10 wt%) to the PLA solution. The mixture was mixed for 2 h and sonicated for 4 h in an Ultrasons Leo-3002 Ultrasonic bath (46 Hz, 300 W) to disperse the agglomerates at room temperature. After thorough mixing, the mixture was poured into an aluminum pan and cured at 90C under vacuum for 24 h to form PLA/SiO2 composite film. The pure PLA film was prepared by the same process as the composites.
Characterization
DSC measurements were performed with a TA 2010 analyzer (TA Instruments, New Castle, DE). Thermogravimetric analyses (TGAs) were performed with a TA-Q500 analyzer (TA Instruments, New Castle, DE) in a nitrogen atmosphere with a heating rate of 20C/min from 30 to 800C. The optical transmittance analysis was measured by a UV-Vis spectrometer (Jasco V-530). The water permeability of the composites was determined on a Mocon Permatran-W3/61 instrument. Figure 2 plots the DSC curves of PLA/SiO2 composites. Figure 4 plots the values of Tg for PLA/SiO2 composites. All the Tg values of the PLA/SiO2 composites exceeded that of pure PLA and increased with increasing SiO2 content to 5 wt% and then decreased to 10 wt%. The composite with 5 wt% SiO2 has the highest Tg value of 71.9C which was and 7.8 C higher than that of pure PLA (64.1 C). These results reveal that with decreasing nanoparticle size, the Tg of composites increases. In general, an increase in Tg is attributed to good adhesion between the polymer and reinforcement particles, so that a nanometre particle size can restrict segmental motion with a consequent increase in Tg. Figure 4 plots the values of Td for PLA/SiO2 composites. The Td values of the composites are not increased by SiO2 nanoparticles at low contents of 0.5 and 1 wt%. Above 3 wt% SiO2, the Tg values of the PLA/SiO2 composites exceeded that of pure PLA and increased with increasing SiO2 content to 10 wt%. The composite with 10 wt% SiO2 has the highest Tg value of 368 C which was and 11 C higher than that of pure PLA (357 C). This result implies that the PLA/SiO2 composite is more stable than pure PLA. The rise in the decomposition temperature of the composites depends on both the dispersion behavior of the inorganic silica in the polymer matrix and the number of active sites in the silica particles that might trap radicals. Morgan et al [11] . observed that PMMA/SiO2 composites had higher decomposition temperatures than pure PMMA. Morgan et al. explained their results by "trapping effect" of SiO2 particles on the degradation products. The silica particles in the polymer matrix trap the radicals and act as a gas barrier, preventing lactic acid monomers from permeating out of the PLA/SiO2 composites during thermal treatment; hence the decomposition temperature of the PLA/SiO2 composites is higher than that of pure PLA. .day). The value of oxygen transmission rate decreases with increasing the content of SiO2 to 5 wt% and then increased to 10 wt%. The composite with 5 wt% SiO2 exhibits a minimum value of water vapor transmission rate (75.9 g/m 2 .day) and there is a significant 60% decrease in water vapor transmission rate. The result indicated that significantly improved water barrier property of the PLA had been achieved by the addition of silica. In a previous report, the values of water transmission rate of epoxy/ SiO2 composites decreased with increasing SiO2 nanoparticle contents up to 7 wt% [12] . The reduction in permeability arises from the longer diffusive path that the pénétrants must travel in the presence of the filler particles. In other words, a composite has the longer diffusive path and result in a smaller gas transmission rate than that of pure PLA.
Results and Discussions
